INTRODUCTION {#sec1-1}
============

Pollens are important allergens which trigger symptoms in patients with allergic diseases such as allergic rhinitis (AR) and asthma. Pollens during pollination period generally trigger asthma. At the time of seasonal peaks, large number of pollen grains are liberated from the trees and remain suspended in the air. In various studies, it was observed that number of patients attending hospital increases with higher pollen count in that period.\[[@ref1][@ref2][@ref3]\] Therefore, knowledge about pollen season of the area may prove an important tool for a doctor treating asthmatic patients.

Pollen count varies at different places and is affected by the topographical factors, local vegetation of the area, and meteorological factors.\[[@ref4][@ref5]\] Several aerobiological surveys have been conducted to find out pollen type and count.\[[@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17]\] Pollen calendars are prepared on the basis of monthly pollen counts of various plants. Pollen calendar is a useful tool in the diagnosis and management of allergic disorders. During pollination season, sensitive subjects develop symptoms of the disease, therefore, chances of getting new patients increases. However, we could not find significant Indian data relating pollen counts with clinical symptoms except a Jaipur study carried out in 1957--1958.\[[@ref18][@ref19]\]

Therefore, we conducted this study to characterize main types of pollens in Jaipur and to find a correlation with the hospital visit of new patients of asthma and AR.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was carried out at Asthma Bhawan, located in the Western part of Jaipur. Patients of asthma and AR commonly attend Asthma Bhawan. New patients of AR and asthma who were residents of Jaipur were included in the study. Skin prick tests (SPTs) were performed using allergen extracts, saline as negative control and histamine as positive control. These test kits were provided by All Cure Pharma (Haryana, India). SPT was performed at Asthma Bhawan from January 2011 to December 2012. The reactions were evaluated after 20 min of skin prick. It was considered positive when wheal diameter was more than 3 mm of size, or it was with pseudopodia formation.\[[@ref20]\]

Pollen sampling was carried out from January 1, 2011, to December 31, 2012. The aerobiological samples of pollens were collected through Burkard 24 h spore trap system, which is a type of suction sampler. It was stationed at only one place. Although sampling collected at multiple places is desirable yet pollen sampling carried at one place is also shown be representative of 30 km radius area.\[[@ref21]\] The method of pollen collection, preparation of slide and analysis of sample had been described.\[[@ref22][@ref23][@ref24][@ref25]\] Pollens were identified using reference slides. Reference slides of acetolysed pollen were prepared by the method suggested by Erdtman.\[[@ref22]\] The counts represent number of pollens per cubic meter of air in 24 h.

Traditionally different species of *Poaceae* and *Cheno-Amaranthaceae* family are not described separately. However, we were able to differentiate some of the species from the *Poaceae* family. These include *Cynodon*, *Hordeum vulgare*, *Pennisetum glaucum*, *Saccharum munja*, *Sorghum vulgare*, *Triticum aestivum*, and *Zea mays*. Remaining pollens were kept together in the *Poaceae* family only. Similarly, the identifiable pollens of *Cheno-Amaranthaceae* family were *Amaranthus spinosus*, *Spinacia oleracea*, and *Chenopodium album*. Most of the pollens of *Chenopodiaceae* and *Amaranthaceae* family which could not be differentiated were grouped under the heading of *Cheno-Amaranthaceae*.

The total number of new patients attending the hospital during 12 months was averaged for 2 years. Similarly, pollen data of 2 years were also averaged for each month. Average monthly pollen data were categorized into trees, weeds, and grasses. Pollen counts of various species were also used in making the pollen calendar of the Jaipur.

Statistical analysis {#sec2-1}
--------------------

An average monthly pollen count of trees, weeds, and grasses were correlated with an average number of new patients during that month. Correlation of the SPT with the pollen counts of both years was also done using Pearson Correlation Coefficient.

RESULTS {#sec1-3}
=======

During 2011 and 2012, the average number of new patients of asthma and AR per year attending Asthma Bhawan outpatient department was 1692.5. During these years, 28,921 pollens were collected. In 2011 and 2012, the numbers of pollen trapped were 13,738 and 15,183 respectively with yearly average of 14,460.5 pollens \[[Table 1](#T1){ref-type="table"}\]. Analysis of pollen data of 2 years showed 37 types of pollen species or families. Since many of these pollens were identified only after this study therefore during this period, SPT tests were carried out for only 17 pollens as identified in the earlier study.

###### 

Average pollen counts and number of new outpatient department patients during 12 months and their correlation
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Two seasonal peaks of pollen count were observed. These were March--April and August--October. The first peak was mainly due to trees pollens while the second peak was due to weeds and grasses pollens. Major part of the first peak was in March, and it had *Holoptelea* (65%) as the major contributor. While major part of the second peak was contributed by grasses family. In the second season, September had the highest number, and the grasses (38%) contributed the most. The main contributors of the total pollen counts for 2 years were *Poaceace* family (42%) and *Cheno-Amaranthaceae* family (30%). During January and June months pollen counts were minimal. *Cheno-Amaranthaceae*, *Poaceace*, and *Holoptelea integrifolia* are the highest pollen generating plant family/species \[[Table 2](#T2){ref-type="table"}\].

###### 

Top ten pollen generating plant families/species during 2 years
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In this study, 37 types of pollen species/families were identified in the 2 years duration. Out of these 25 species/families were having a limited period of pollination in the year and 12 species/families had their pollens in the aerobiology of Jaipur throughout the year. Pollen calendar was prepared based on the presence of different pollens in specific part of the year \[[Figure 1](#F1){ref-type="fig"}\].
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When average monthly pollen counts were correlated with the number of new patients during that period, a positive correlation was found with grass pollens. Trees and weeds pollens were not correlated significantly \[[Table 1](#T1){ref-type="table"}\]. The correlation of the individual pollen with the SPT of patients gave the correlation in only one of the species that is *C. album*, a weed.

DISCUSSION {#sec1-4}
==========

Pollen count peaks were observed during March to April and August to October in both years. Many studies have demonstrated that peak pollen counts were associated with higher number of hospital visits by new asthmatic or AR patients.\[[@ref1][@ref2][@ref3]\] In our study also a significant positive correlation was demonstrated between number of monthly new asthmatic and AR patients and grass pollen count. However, correlation was not significant with weeds and trees.

Although in the study done in Kuwait, the number of new patients of AR were significantly correlated with weeds but not to grass and trees.\[[@ref1]\] In yet another study, episodes of asthma exacerbations in children were significantly correlated with pollen counts.\[[@ref2]\] The cause and effect relationship was further established in a study wherein a cohort of asthmatic patients exacerbations were monitored at monthly interval, and these were significantly correlated with the pollen counts in the environment.\[[@ref3]\]

Similarly, an earlier study done in Jaipur in 1957--1958 showed that the number of respiratory allergy patients in allergy clinic were proportional to the fluctuation in the pollen count.\[[@ref19]\] All these evidence suggest strong association between the presence of respiratory symptoms and presence of pollens in the environment. It emphasizes the need of proper knowledge of pulmonologists about the environmental pollens and vegetations of the area. A proper pollen calendar may prove a useful tool for clinicians involved in the treatment of patients with respiratory allergy.

We could not compare data of absolute number of pollen counts of our study with that of earlier study because of variation in the methodology. They used slides exposed to normal environment while we used suction method. However, the proportion of various types of vegetation can be compared which showed interesting differences. Kasliwal *et al*. have published that in Jaipur tree pollens were 50% while grass pollens were only 14%.\[[@ref18]\] In the present study, tree pollens constituted only 17% while proportion of grass is much higher (42%) \[[Figure 2](#F2){ref-type="fig"}\]. Probably urbanization has replaced trees by concrete jungles thereby causing reduced pollen counts. In our study, grass pollens were present throughout the year and peak was present during postmonsoon period. In earlier Jaipur study grass pollens were limited only during postmonsoon period. Probably with urbanization in Jaipur during last seven decades density of trees is reduced more significantly than the grasses.
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A similar study was conducted in Delhi from September 1990 to August 1997.\[[@ref26]\] During the 7-year period, pollen counts showed gradual decrease. This was attributed to the large clearance of vegetation from the city. In their study also they identified two peaks of pollen counts during the same period.

Studies done in different parts of India showed that there is wide variation in number of pollens and most frequent pollen.\[[@ref27][@ref28][@ref29][@ref30]\] In Gwalior, pollen grains mainly belonged to families of *Poaceae* and Amaranth-*Chenopodiacae*\[[@ref27]\] similar to our study, while in Lucknow, grasses and *Holoptelea* were main pollens.\[[@ref31]\] In the majority of places, two peaks of pollen seasons were observed but in North Kashmir peak pollen counts were observed during March--September period.\[[@ref29]\]

CONCLUSIONS {#sec1-5}
===========

Number of new patients of asthma and AR attending hospital were significantly correlated with grass pollen counts. Knowledge of pollen calendar may prove useful in the evaluation of patients with seasonal exacerbation of symptoms of respiratory allergy.
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